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ABSTRACT 

Aging is responsible for oxidative damage to DNA, 
protein, lipid, and other macromolecules linked to 
tissue alterations. The resultant damage contrib- 
utes significantly to degenerative diseases, to in- 
clude those of the brain, sensorial tissues, and 
cardiovascular system. To protect cellular compo- 
nents from oxyradical attack, especially lipo- 
peroxidation, a substantial interest in the use of 
antioxidants has evolved. A free radical scavenger, 
Ginkgo biloba extract (EGb 761) may be effective in 
fighting the oxidative stress related to aging. Many 
data support the efficacy of EGb 761 in biological 
model systems. In aging processes, EGb 761 may 
ameliorate the mitochondria respiratory chain func- 
tion by quenching the superoxide anion, and the 
hydroxyl and peroxyl radicals. It protects the brain 
by facilitating the uptake of neurotransmitters and 
by reducing ischemia-reperfusion episodes and level 
of apoptosis. Moreover, in sensorial tissues, EGb 
761 reduces apoptosis in the olfactive bulb and in 
the retinal pigmented epithelium of the eye, and 
protects against the lipoperoxidation alteration of 
the retina that results in a decrease of the electrore- 
tinogram response. In the cardiovascular system, 
by a direct effect on oxidative low density lipopro- 
teins, EGb 761 may decrease atherosclerosis evolu- 
tion, and is shown to accelerate cardiac mechanical 
recovery after ischemia-reperfusion. In conclusion, 
the antioxidant effects of EGb 761 noted in many 
experimental data, may explain the therapeutic effi- 
cacy observed in clinical trials of the elderly. These 
beneficial properties seem in part to come from the 
activity of EGb 761 constituents, such as flavonoids 
and terpens. 
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INTRODUCTION 

Over the past several years, research has shown reac- 
tive free radicals (O~, OH', ROO') have a role in the 
general processes of aging and tissue damage (1-4). 
Oxidative stress can influence the evolution of many 

degenerative diseases including those involved with 
the cardiovascular system, brain and eye dysfunction, 
and carcinogen metabolism (1,5). Growing evidence 
shows that over the human life span, some oxidative 
attack can be prevented by the presence of endog- 
enous antioxidants. Many defense mechanisms are 
involved in the limiting of free radical damage: enzymes 
such as superoxide dismutase; catalase and glutathione 
peroxidase; free iron or copper chelators (1); and mo- 
lecular antioxidants such as ascorbic acid (vitamin C) 
and c~-tocopherol (vitamin E) (6-9). 

Each component of this antioxidant defense system 
may combine synergistically to protect the organism. 
However, a deficiency in their response from a strong 
increase in free radical activity, may cause a loss of 
efficacy and be responsible for tissue damage and 
functional disturbances (10). 

To protect cellular components from free radical dam- 
age, there is substantial interest in scavenging the 
various forms of active oxygen, especially the hydroxyl 
radical (OH'), which is considered responsible for most 
of the peroxidative degradation linked to the structural 
disorganization of membranes (8). Natural substances 
such as Ginkgo biloba extract (EGb 761 ) (IPSEN, France) 
can be an effective compound in protecting against 
oxidative stress and aging. 

Background on EGb 761 

Ginkgo biloba is a tall, sturdy, extremely long-lived tree 
with leaves divided into two lobes (11 ). Extract from the 
leaves of Ginkgo biloba tree (EGb 761) was introduced 
in Europe in 1965 into medical practice for treatment of 
peripheral arterial diseases and cerebral insufficiency 
in the elderly (13,14). EGb 761 is now used in a broad 
spectrum of pharmacological actions; it was demon- 
strated that EGb 761 can be required for anti-ischemic, 
antiedema, antihypoxic, radical scavenging, metabolic 
actions, as well as for rheology improvements. Benefi- 
cial clinical interactions have been noted in the brain, 
heart, eye and ear (15,16). 

Constituents of EGb 761 appear to contribute to its 
pharmacological activity (13). EGb 761 is made from 
dried leaves using highly standardized procedures. 
This extract is a complex mixture containing 24% fla- 
vonoid glycosides (ginkgoflavones, glycosides), 6% 
terpen lactones, such as ginkgolides A, B, C, J and 
bilobalide, some organic acids, and other constituents 
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(t3). Of the EGb 761 chemical constituents, the fla- 
vonoids, by their ability to scavenge the free radicals, 
have important therapeutic applications. The ginkgo 
flavone glycosides are mono-, di- or triglycosides whose 
aglycon is a flavonol (quercetin, kaempferol or 
isorhamnetin) and whose glycosidic constituents are 
glucose and rhamnose (17). 

Antioxidant Action of EGb 761 

Effect on superoxide anion. Superoxide anion (O~, 
made by adding one electron to the oxygen molecule, is 
formed in vivo in a variety of ways, such as through the 
activities of the mitochondria electron transport chain, 
the arachidonic chain, the xanthine oxidase system, 
and by phagocytes such as neutrophils. The generation 
of superoxide contributes to the conversion into hy- 
droxyl radical (OH') through hydrogen peroxide (H202) 
in the presence of a metal ion, such as copper or iron 
(5,18). As demonstrated by in vitro experiments, EGb 
761 may scavenge O~ when generated by irradiation 
with gamma rays (19,20) or by phenazine methosulfate- 
NADH (16). Moreover, EGb 761 can inhibit xanthine 
oxidase activity in a dose-dependent manner that inter- 
feres with O2formation (20). 

Effect on hydroxyl radical. Some scavenger effects 
were noted with EGb 761 on the hydroxyl radical, OH. 
This radical is extremely reactive and toxic to cell 
membranes. EGb 761 is shown to scavenge hydroxyl 
radicals in a dose-dependent manner, as demonstrated 
in the model using dihydroxybenzoic acid on the Fenton 
reaction (21 ) or using gamma rays (19). The scavenging 
activities of EGb 761 seem correlated with the presence 
of flavonoids in the extract (22-25). 

Effects on lipoperoxides. Similarly, EGb 761 in rat liver 
microsomes may inhibit the peroxidizing system, in- 
duced by a FeCI3/ADP / NADPH mixture (21). EGb 761 
is also effective in protecting against the formation of 
malondialdehyde induced by UVC irradiation, linked to 
polyunsatured fatty acid damage (26). In a dose-depen- 
dent manner, EGb 761 also quenches the peroxyl 
radicals generated by the azo initiator, 2,2'-azobis (2,4- 
dimethylvaleronitrile) (AMVN), as detected in liposomes 
in the presence of DOPC by the production of chemilu- 
minescence (27). This EGb 761 effect on the peroxide 
formation may be due to the presence of flavonoids in 
the extract (24,28). 

Effecton nitric oxide. EGb 761 may also scavenge nitric 
oxide in a dose-responsive manner by a reaction of 
hydroxylamine with complex I of the catalase. EGb 761 
also inhibits the nitric oxide induced by the hemoglobin 
oxidation; furthermore, when nitric oxide is generated 
from sodium nitroprusside, the extract limits the accu- 
mulation of nitrite generated during the reaction of nitric 
oxide with oxygen. This EGb 761 effect may be the 
consequence of the EGb 761 reaction with the other 
oxides of nitrogen (NO2, N203, N204) and the peroxyl 
nitrite (OONO'), which seem possible intermediates in 
the oxidation of nitric oxide to nitrite (29). 

Aging and the Biological Approach of EGb 761 

As demonstrated by Harman in 1956 (30), experimental 
evidence supports the notion that oxidative compo- 
nents have an important place in aging processes in that 
their increases during senescence create a tissue im- 
balance in favor of the oxidants. In relation to the aging 
phenomenon, as free radicals appear involved in vari- 
ous cellular functions, EGb 761 antioxidant effects were 
tested on mitochondria function, cellular senescence, 
and on brain, eyes, and cardiovascular aging disorders. 

EGb 761, mitochondria, and aging. Increased genera- 
tion of oxygenated free radicals may be responsible for 
the age-associated oxidative damage that occurs in 
mitochondda (31). Mutations of mitochondrial DNA linked 
to a decline in the respiratory chain have been reported 
in liver (32,33), brain (34), and skeletal muscle (35). 

EGb 761 was demonstrated to protect cardiomyocyte 
mitochondria in elderly rats (17 mo) placed under hy- 
poxia by the controlled application of an O2-N20 mixture 
with low 02 content of 5 vol % within 5 min. This condition 
was maintained for 13 min before the 02 level was down- 
regulated to O within 2 min. The effect of hypoxia was 
observed in the internal mitochondria using ultrastruc- 
tural morphometry. In EGb 761 treated rats, at the dose 
of 100 mg/kg given orally 3 mo before exposure to 
hypoxia, the reduction of the surface density cristae and 
the degeneration of intramitochondrial areas greatly 
differed from the untreated rats. This EGb 761 protec- 
tive effect on hypoxia-related lesions can be interpreted 
as a membrane stabilizing action, based on the radical 
scavenging properties of the extract (36). 

Prevention of age-associated oxidative stress in mi- 
tochondda (mt) was confirmed measuring by the amount 
of oxidized base, 8 oxo-7-8 dihydro 2'- deoxyguanosine 
(oxo 8 dG), as a biomarker of oxidative DNA. In brain 
and liver of old rats (27 mo) compared to young rats (4 
mo), the oxidative damage to mtDNA increased with the 
age. EGb 761 treatment, given orally at the dose of 100 
mg/kg during 3 mo before the mtDNA evaluation, signifi- 
cantly prevented mtDNA damage (37). 

In addition, in the same experiment, peroxide genera- 
tion measurements in young and old rats confirmed that 
the mtDNA protective effect of EGb 761 was due to the 
antioxidant properties of the extract. The lipoperoxide 
release was prevented by EGb 761 treatment (37). 
Furthermore, the oxidative damage to the mtDNA that 
occurs during aging, seemed related to the oxidation of 
mitochondrial glutathione and the increase of the GSSG/ 
GSH ratio noted in untreated rats; these results confirm 
the key role of mitochondrial glutathione in the protec- 
tion against free radical damage (37). Treatment with 
EGb 761 prevented the age-related increase of GSSG 
at the odgin of an increase in the GSSG-GSH ratio. 

The administration of antioxidants, such as EGb 761, 
has therefore been successful in protecting mitochon- 
drial function. Age-related changes are well-demon- 
strated to interfere with the mitochondrial membrane 
potential linked to respiratory activity (35). Modifications 
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in respiratory parameters were determined, especially 
in state 4 (the resting mitochondria respiration rate), 
measured in the absence of added ADP. In state 4 
respiration, the stimulation of the membrane potential in 
brain mitochondria from 27-month-old rats was around 
30% of that found in state 4 of young rats. Treatment 
with EGb 761 (100 mglkglpol3mo) was effective in 
preventing a decrease in energy status (37). Similar 
results were noted in mitochondrial stage 3 respiration 
of aged rats, corresponding to phosphorylation respira- 
tion. Old Fischer rats (18 mo), given 50 mg/kg for 14 
days, showed a significant increase in oxygen con- 
sumption (+17%) by mitochondria compared to un- 
treated rats (38). 

All these data confirm that oxidative stress is a major 
contributor to the mitochondrial impairment noted with 
aging. EGb 761 may be helpful in preventing mitochon- 
drial disorders caused by free radical generation during 
aging. 

Aging and brain disorders 

Neurotransmitters. The brain is extremely sensitive to 
the presence of the oxygenated free radicals that di- 
rectly interfere with the polyu nsatured fatty acids (PU FA) 
in the membrane, resulting in changes in the membrane 
structures associated with neurotransmitter uptake dis- 
orders (39,40). EGb 761 can totally inhibit the PUFA 
degradation and the appearance of thiobarbituric acid- 
reactive substances (TBARS) in the microsomes sub- 
mitted to UVC irradiation (41). Thus, EGb 761 may 
provide effective and persistent protection to the mem- 
brane and thereby to the neurotransmitter uptake, as 
demonstrated in synaptosomal fractions prepared from 
mouse cerebral cortex. When EGb 761 was directly 
added to these fractions, there was an increase of 
serotonin uptake (42). A similar effect was observed 
when the synaptosomes were prepared from the cortex 
of mice treated orally with EGb 761 (100 mg/kg, 14 hr 
and 2 hr before the sacrifice). After treatment with EGb 
761, synaptosomal uptakes of dopamine and serotonin 
were maintained. 

Different hypotheses have been formulated to ac- 
count for the changes in nervous system functions 
during aging processes. Because the functional activity 
of the nervous system is largely governed by neu- 
rotransmitter receptors, the influence of aging was tested 
on alpha 2-adrenoreceptors and 5HTIA receptors in rat 
hippocampus and the cerebral cortex, which are cogni- 
tive brain areas (43). In 24-month-old rats, the specific 
(3H)8-OH-DPAT binding to 5HTIA receptors was lower 
in cerebral cortex membranes compared to young, 4- 
month-old animals. A scatchard analysis showed a 
significant decrease in the number of (3H)8-OH-DPAT 
binding sites in the senescent rats. When the rats were 
treated with EGb 761 (5mg/ip/21d) before measure- 
ments, there was a significant increase in the binding of 
(3H)8-OH-DPAT compared to untreated animals (43). 
The same results were noted in the alpha-2 adreno- 

receptors, especially in the hippocampus. In aged rats, 
a significant increase of (3H) rauwolscine binding to 
hippocampus occurred in the presence of EGb 761 
(5mg/ip/21d). These data confirm that EGb 761 may 
block the auto-oxidative membrane process often linked 
to a decrease in fluidity and an increase in viscosity of 
the neuronal membranes (44), which is known to induce 
subsequent behavioral changes (45). 

Peroxidation levels and antioxidant enzymes. During 
aging processes, lipid peroxidation is shown to increase 
in the cortex and the hypothalamus, as measured in 24- 
month-old rats. EGb 761, given orally at doses of 50 and 
100 mg/kg for 12 weeks significantly decreased the 
level of lipid peroxidation in these two areas. Superox- 
ide dismutase levels in liver were also significantly 
increased when the rats were treated with EGb 761 at 
the same doses (46). Similar data were noted in 33- 
month-old rats. In such experiments, EGb 761 given 
orally at a dose of 100 mg/kg/day for 3 mo significantly 
increased rat survival and decreased the level of perox- 
ide generation in the brain, as noted by TBARS mea- 
surements (47). 

Cerebral ischemic damage. During aging, ischemic 
injury might be thought as an essential cause of the 
partial disruption in brain tissue at the origin of free 
radical reactions, especially at the moment of the 
reperfusion (48,49). The administration of EGb 761, 
given orally or intraperitoneally to gerbils prevented the 
cerebral edema and the impairment of stroke index due 
to cerebral ischemia (50). According to these data, 
therapeutic intervention with antioxidants that cross the 
blood-brain barrier might be of value in the protection 
against brain tissue injury. 

Apoptosis 

Apoptosis is a form of programmed cell death controlled 
by an elaborate network of signaling pathways through 
receptors, protein kinases, second messengers, phos- 
phorylated protein intermediates, and factors that can 
regulate the expression of individual genes or groups of 
genes (51). Apoptosis has been proposed as the final 
event in the existence of many cells within a multicellular 
organism (52), and its role may be important to the life 
span of individual cells. Apoptosis is actually well- 
demonstrated to be associated with aging diseases that 
have a reduced immune response (53). With appropri- 
ate activation, apoptotic cell death may be responsible 
for the neuronal loss typical in neurodegenerative dis- 
eases. As exposure to oxidants (54) can induce multiple 
cellular interactions, using antioxidants can provide a 
general protection against different types of apoptosis 
(55). In this way, sensorial neurons such as the olfactive 
neurons, are known to be more sensitive to apoptotic 
effects than central neurons by reason of their frequent 
exposure to aggressive factors, physical, chemical, or 
biological, vehiculed by inspired air. Olfactory neurons, 
therefore, seem a good target to study apoptosis mecha- 
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nisms in the nervous system. An experimental model, 
characterized by axotomy, can induce apoptosis in rats, 
with DNA degradation, 24 to 48 hr following lesion 
formation. In such a model, apoptosis was quantified 
using autoradiographic detection of intemucleosomal 
fragmentation of labeled DNA. When the rats were 
pretreated with EGb 761, given orally 10 days at the 
dose of 50 mg/kg, there was a clear trend towards the 
reduction of the DNA fragmentation. The conclusion 
derived from these results is that EGb 761 has a 
protective effect against apoptosis of primary olfactory 
neurons and supports the fact that free radical genera- 
tion is involved in the apoptosis process (56). 

Aging and retina 

Over the past several years, the toxic effect of oxygen 
species have been evaluated in the eye, especially the 
retina, which is very sensitive to free radical disorders. 
In fact, the vertebrate retina consumes 5-10 times more 
oxygen per mg than other tissues; and the photorecep- 
tors, the keys of vision, contain high concentrations of 
polyunsaturated fatty acids, and therefore are very 
sensitive to oxidant attack. As with the other tissues, 
there is fairly convincing evidence that free radicals are 
involved in degenerative, aging eye diseases. In some 
vascular accidents, such as ischemic disorders, 
apoptosis may be associated with aging and be respon- 
sible for functional degeneration of the retina and visual 
response. 

Retina ischemia disorders. In ischemia-reperfusion, oxy- 
genated free radicals may be generated by several 
pathways including the xanthine-oxidase system (the 
NADPH-dependent oxidase of neutrophils), the mito- 
chondria electron transport chain, and arachidonic 
metabolism (57). To verify the effect of the antioxidants 
on the retina, EGb 761 was given 10 days before the 
experiment to albino Sprague-Dawley rats. The central 
retinal artery was occluded by clamping 90 min, then 
reperfusion was permitted at 4-24 hr. The rats were then 
sacrificed and the retinas were released for analysis. In 
untreated rats, histological retina analysis showed de- 
generative changes with important edema and a neutro- 
phil invasion into the different layers of the retina. With 
EGb 761 pretreatment, the free radical detrimental 
effects were significantly reduced (58,59). 

Because free radicals can induce histological injury, 
alterations in the redox state, such as thiols or disulfide 
bonds, can modify membrane permeability by a variety 
of ions, such as Na*, K § Mg2 § Ca z§ (60). In the same 
ischemia-reperfusion modet using occlusion, retina ion 
contents were measured by atomic absorption spectro- 
photometry using various wavelengths after washing- 
out the blood and extracellular fluid, then drying and 
ashing the retina. In untreated rats, retina vulnerability 
to ion homeostasis was noted with an increase in Na § 
and Ca 2. ions and a decrease of K* and Mg 2. ions. 
Pretreatment with EGb 761 (100mg/kg/po) adminis- 
tered 10 days before the experiment and until the 

animals were sacrificed, significantly reduced the ion 
shift imbalance that could be responsible for functional 
disturbances (60). 

To verify the ischemia-reperfusion consequences on 
visual function, a model of ischemia-repedusion by 
hypertony was developed in Fischer rats. Under chloral 
hydrate anesthesia, the ischemia-reperfusion was car- 
ried out on one eye under local anesthesia of cornea 
using oxybuprocaine, with the other eye serving as 
control. Ischemia was induced with a gauge needle (0.3 
mm diameter), directly introduced intothe anteriorcham- 
ber and linked to an NaCI (0.9 %) bottle situated 1.50 m 
above the eye to maintain a 110 mHg pressure. After 1 
hr of ischemia, the needle was removed and the 
reperfusion was permitted. At the dose of 100 mg/kg, 
EGb 761 was given orally 15 days before the experi- 
ment. To analyze the retina functional disorders, an 
etectroretinogram (ERG) was recorded under stimula- 
tion of white light flashes (20 ms, 1200 lux) every 10 sec. 
The b-wave ERG amplitudes of the two eyes, one 
control and one ischemic were analyzed and recorded 
before ischemia, and 1,4, 24 and 48 hr after reperfusion. 
In treated rats, the results showed that the b-wave ratio, 
comparing the ratio between the surface on the is- 
chemic and the non ischemic eye, was significantly 
higher compared to untreated rats, which indicated a 
decrease in the deleterious effects of the ischemia- 
reperfusion. Scanning electron microscopy of retina 
samples, released and fixed 48 hr after the reperfusion, 
confirmed these electrophysiology observations. In is- 
chemic retina, the retina layers, especially the photore- 
ceptor layer, were totally disorganized with a junction 
rupture between the inner and outer segment, and 
showing necrosis and edema. After EGb 761 pretreat- 
ment, the retina kept a normal aspect, with disappear- 
ance of degenerative lesions (61,62). 

Aging and retina degeneration. In sensorial tissues, 
functional performances decrease with age, in major 
part, from light exposure. Repeated photon fluxes can 
induce, by energy transfer, the water molecule lysis 
responsible for hydroxyl radical (OH) formation. This 
OH release is at the origin of the lipoperoxidation- 
inducing lesions and functional disturbances of the 
retina membrane. EGb 761 was tested in aged rats by 
measuring the cumulative effect of white light on the 
retina, using the b-wave ERG amplitude variation in 
isolated retina. 

To appreciate the age influence, ERG signals in 10- 
and 20-month-old albino rats, induced by white light 
flashes (300 lux, 1 ms) every 5 rain, were compared with 
those of4-to 6-month-old rats. In 10-month-old rats, the 
b-wave retina survival curve maintained a normal shape, 
but the amplitude of this curve decreased from a value 
of 350 pV to 120-140 pV. In 20-month-old rats, the 
alteration of the curve was marked, and the decrease in 
the amplitude of the b-wave was at a level of 80-100 pV. 
Morphological disorders accompanied functional alter- 
ations. 
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When the rats were pretreated 3 months before the b- 
wave registration with EGb 761 (100 mg/kg/po), the 
decrease in the b-wave amplitude and the histological 
damage was not so marked as in the untreated rats, 
indicating that the use of antioxidants can prevent the 
retina degenerative processes by scavenging free radi- 
cals. 

Retinal pigmented epithelial and apoptosis. In the reti- 
nal pigmented epithelial (RPE), peroxynitrite toxicity 
could be mediated at least in part by apoptosis. In 
specific redox environment, nitric oxide (NO) could 
combine with the superoxide anion to generate 
peroxynitrite (ONOO), an even more potent toxic spe- 
cies (63). 

In RPE, the extent of cell apoptosis was analyzed 
using the Tunel assay. Cells isolated from bovine were 
treated with 1.25 or 2.5 mM peroxynitrite and DNA 
fragmentation was determined at 3 and 6 hr after treat- 
ment. A simple observation of the nuclei, stained with 
DAPI, suggests apoptosis 6 hr after treatment, showing 
fragmented, condensed nuclei and apoptotic bodies. 

EGb 761, a scavenger of NO, potentially protected 
the RPE cells from its antiproliferative action and par- 
tially against peroxynitrite-induced cell death, suggest- 
ing that EGb 761 could be also a peroxynitrite scaven- 
ger (64). 

Vascular disease and aging 

LDL oxidation. Aging slowly brings on many blood 
vessel changes, such hardening of the arteries or arte- 
riosclerosis. Among the factors that may influence the 
progress of arteriosclerosis and development of fatty 
plaques in rats, elevated levels of low density lipopro- 
teins (LDL) cholesterol take a major place (65). Be- 
cause oxidative modification of LDL depends on the 
oxygenated free radical process, the EGb 761 effect 
was studied (27,66). EGb 761 prevented lipid peroxi- 
dation and the loss of both vitamin E and beta carotene 
in human LDL oxidation initiated by gamma-ray irradia- 
tion, according to a dose-response effect (66). Another 
model exhibited similar results, using two other initiating 
systems of LDL oxidation, the hydrophilic peroxyl radi- 
cal initiator 2,2'-azobis (2-amidinopropane) hydrochlo- 
ride (AAPH) and the hydrophobic initiator, AMVN. EGb 
761, in a dose-response manner, prevented lipid 
peroxidation and loss of both vitamin E and B carotene, 
completely inhibiting LDL oxidation at the concentration 
of 100 pg/ml (27). 

In addition, the protective effects of EGb 761 against 
peroxidation of LDL protein were tested by observing a 
decrease of tryptophan fluorescence induced by incu- 
bation with AAPH. EGb 761 (100 I~g/m), completely 
suppressed the decrease in fluorescence intensity as- 
sociated with LDL oxidation (27). These data show that 
EGb 761 may have a protective effect on LDL protein 
oxidation and thereby can preserve cells from arterio- 
sclerosis evolution. 

Cardiac ischemia-reperfusion. During ischemia- 
reperfusion of the heart, oxygen-derived free radicals 
play an important role in the genesis of tissue injury (67). 
Much data confirm that superoxide anion, hydrogen 
peroxide, and hydroxyl radicals are involved in the 
reperfusion injury of the post-ischemic heart (68,69). 

EGb 761 may modulate the cardiac mechanical re- 
covery during the 20 min period of reperfusion following 
the 40 min ischemia, as demonstrated in the Langendorff 
perfused rat heart. The addition of EGb 761 (200 mg/I) 
to the perfusion medium of the hearts, induced a signifi- 
cant improvement of the recovery (70). 

Effects of cardiac ischemia-reperfusion on myocar- 
dial ascorbate were also noted. Without EGb 761, total 
ascorbate content and ascorbate (reduced form) were 
significantly decreased after 20 min of reperfusion, 
suggesting that it acted as an antioxidant. In the pres- 
ence of EGb 761 (200 mg/ml), ascorbate content stayed 
within normal limits (70). 

These results show that EGb 761 prevents ascorbate 
leakage and oxidation. These data indicate that EGb 
761 may react directly with free radicals and its cardiac 
protective effect may depend on its free radical quench- 
ing properties. 

SUMMARY 

Aging is a multifactorial process in which oxygenated 
free radicals from exogenous and endogenous sources 
are involved. One of the most destructive processes is 
lipoperoxidation, the origin of a chain reaction, which 
induces DNA, protein, and lipid degradation, causing 
cell disorders. 

The consequences of these free radical oxidant ef- 
fects are functional disturbances associated in elderly 
with such neurodegenerative diseases as Parkinson's 
and Alzheimer's (71), vision disorders, and cardiovas- 
cular diseases such as atherosclerosis (71). Using 
antioxidants may attenuate the deterioration of the 
physiological properties associated with aging; experi- 
mental evidence shows that the extract of Ginkgo biloba 
(EGb 761 ), a free radical scavenger, may protect against 
the aging phenomenon. As demonstrated by several 
data, EGb 761 may decrease functional alterations, 
including ischemia-reperfusion, especially in the brain, 
sensorial tissues, and cardiovascular system. The anti- 
aging protective effects of EGb 761 have been ob- 
served in various experimental models, including the 
brain, eye, and heart. Furthermore, the results obtained 
with EGb 761 treatment may explain the therapeutic 
efficacy noted in some clinical trials. EGb 761, shown by 
electron-spin-resonance, can reduce oxyradical forma- 
tion in oxygen-deprived myocardium, as was noted 
during surgery for coronary artery disease. It also facili- 
tates myocardial function recovery at reperfusion (72). 
Similarly, EGb 761 may be beneficial to cerebral insuf- 
ficiency (14,73). It can improve the cognitive function 
(74,75), and ameliorate patients suffering from psycho- 
organic syndrome (76). Its efficacy has also been proven 
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in patients suffering from mild to moderate degrees of 
either multi-infact dementia or primary degenerative 
dementia of the AIzheimer type (77). In conclusion, the 
antioxidant properties of EGb 761 can lead to new and 
novel approaches to therapy in elderly oxidant situa- 
tions. 
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